Comparing effect sizes and significance of results between linear and mixed linear models regression
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Post-hoc statistical power calculation, based on the pre-determined NL cohort sample size (Ncases = 1159, Ncontrols = 637) and replication significance threshold p-value = 5.3x10 -4 . Power is calculated as a percentage of 1 -probability of a type II error (y-axis) and is plotted with estimated effect sizes (x-axis). Red triangles represent the true effect sizes of probes with p-value < 5x10 -4 in MOMENT in common between datasets (m = 97), calculated from the AU sample. D) Post-hoc statistical calculation of sample size (y-axis) necessary to find a true association with the corresponding effect sizes (x-axis), based on pre-determined 80% power and replication significance threshold p-value = 5.3x10 -4 .
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Out-of-sample classification results The AUCs were then calculated for each ROC curve. Black -classification accuracy calculated from methylation profile scores based on BLUP solutions of methylation probes only; orange -classification accuracy calculated from methylation profile scores based on estimated fixed effects of predicted cell type proportions (CTP) only; green -classification accuracy calculated from methylation profile scores based on the sum of the scores from BLUP and CTP. The combined BLUP+CTP score gives equal weight to the two contributing scores. It may be more optimal to give unequal weight to the two scores, but another independent data is needed to estimate these weights.
Supplementary Figure 3 -Schematic representation of out-of-sample classification using methylation profile scores (MPS
6 Supplementary Table 1 -Area under the curve (AUC) of ALS-derived methylation profile scores based on p-value thresholding from AU MOA or AU MOMENT to an independent ALS cohort from the Netherlands. The p-value (P) is from logistic regression models. m -number of probes, CI95% -confidence interval at 95% level for AUC, P -p-values from logistic regression models. 
MOA
Supplementary Figure 5 -Scatter matrix and correlation of individual methylation profile scores (MPS) based on estimated effect sizes of DNA methylation sites, from different mixedlinear model (MLM) methods and effect sizes of cell-type proportions, excluding eosinophils.
The latter were estimated from an OREML model. CTP -cell-type proportions. 
Supplementary Table 2 -DNA methylation DNAm sites with p < 1x10 -4
using the combined Australian cohort in MOMENT. Chr -chromosome number, Probe -probe identification number as provided by Illumina, bp -base pair position in the genome, Gene -closest genes the probe is annotated to, based on distance to transcription starting site, Orientation -DNA strand orientation (F = forward, R = Reverse), b_MOMENT -effects sizes (increase (positive sign) or decrease (negative sign) of methylation between cases and controls per standard deviation unit) of AU MOMENT, p_MOMENT -p-values of AU MOMENT. Effects of pre-adjusting DNAm probes have a more pronounced effect in standard linear regression MWAS results compared to mixed linear models CGIs, but CpG shores [3] . These alterations were shown to have an inverse relationship with gene expression of associated genes, and they apply to shores located within 2 kb of an annotated transcriptional start site, but leave open the possibility of additional regulatory function for shores located in intragenic regions or gene deserts [3] .
Aditionally, four of the eight probes with co-annotations were annotated to intronic regions ( Supplementary Figure 7) , three of which were located in CpG shores (annotated to CXXC5, FKBP5 and AGRN) and one in a CGI (annotated to SYNPO). DNA methylation of intragenic regions is also correlated with higher levels of gene transcription and may be a mechanism that regulates the use of alternative promoters [5, 6] . Almost all these eight DNAm sites show a tendency for decreased methylation levels in patients, compared to controls. This parallels with genomes of cancer cells that tend to show global hypomethylation (alongside hypermethylation of the gene promoters). As Shenker & Flanangan postulate, "the consequences of hypomethylation, whether intergenic or intragenic, are also unclear, but may act in a similar manner to that postulated in plant intragenic sequences, where demethylation leads to the reactivation of repressed repetitive elements, and potentially further genomic instability" [6] , a phenomenon clearly implicated in disease. Although we were unable to perform functional enrichment tests in regulatory elements due to the small number of DNAm sites identified in our analyses, these results are congruent with the literature and thus point for a potentially relevant functional role of these DNAm sites, but we are wary of overinterpretation.
Annotation of top 25 MOMENT probes to genes: literature evidence in humans and animal models of ALS
The possibility that ALS may be a result of synaptopathy within the neuromotor system has been intensively researched in rodent models and humans and exhaustively reviewed elsewhere [7, 8] . This theory is compatible with glutamate excitotoxicity in ALS, the accumulation of misfolded proteins and mitochondrial dysfuncion at distal axons (corticospinal motorneurons, motor neurons and neuromuscular junctions, CSMN, MN and NMJ, respectively). It does not however, explain the contribution of neuroinflammation to the disease process, explain the initial protein misfolding, account for non-cell-autonomous influences or some of the muscle-specific modifiers of disease progression [9] . Indeed, due to the clear multifactorial nature of ALS and extensive pleiotropic effects of disease-altering variants [10, 11] , one should be wary that some disease-related tissue abnormalities can interfere with the potential therapeutic properties. For example, AGRN has been extensively studied in the context of the NMJ, where the encoded protein exerts a key role as regulator of postsynaptic differentiation [12] . Overexpressing AGRN (and other genes involved in NMJ formation) in mouse models of ALS (and other neuromuscular disorders) has been shown to have therapeutic benefits [12] . However, in the context of the immune system, AGRN expression (and many other genes) was found to be associated with activation in monocytes from rapidly progressing ALS patients [13] . As another case example, the insulin-like growth-factor 1, IGF-1 is a well-studied trophic factor for different tissues, including nervous system and skeletal muscle. Animal studies have shown that hSOD1 G93A mice at "end stage of disease" had normal levels of muscle IGF-I protein expression, but decreased circulating levels of IGF-I and skeletal muscle IGF-IRα protein expression [14, 15] . More importantly, these changes were variable according to disease progression. Interestingly, IGF-I-directed interventions prolong survival in a mouse model of ALS [16] [17] [18] , whereas Growth-Hormone/IGF-I therapies were of no benefit in slowing disease progression in human ALS patients [19] [20] [21] . These have been shown to exert positive and others negative effects on neuron function [22] . For example, FKBP5 is a PPIase, which acts as a co-chaperone that modulates not only glucocorticoid receptor activity in response to stressors [23] , but has also been implicated in AD [24] , showing neurotoxic effects. Interestingly, it was also shown to be overexpressed in monocytes of ALS patients compared to controls [13] , once again highlighting the potentially widespread pleiotropic gene effects in complex disease traits.
CXXC5 and neurodegeneration
Genomic variation in the CXXC5 locus has not been identified as contributing to ALS risk but it may play a relevant functional role. CXXC5 encodes a retinoid inducible transcription factor containing a CXXC-type zinc finger motif. In the mature central nervous system (CNS), retinoids have been implicated in the maintenance of plasticity and neural stem cell production [25] .
Retinoids can be converted into various retinoid species, including retinoic acid (RA) or retinol molecules, which are able to enter the cell. Once within the cell, RA can bind to a family of retinolspecific binding proteins, the cellular acid retinoid binding proteins, which are involved in the metabolism and nuclear import of RA [26, 27] . Elevated RA signaling in the adult correlates with axon outgrowth and nerve regeneration and has also been shown to be involved in the maintenance of the differentiated state of adult neurons [25] . Interestingly, it has been reported that disruption of RA signaling may also lead to degeneration of motor neurons [28] , all relevant processes in ALS pathogenesis. CXXC5 is ubiquitously expressed throughout human tissues, with relatively high expression in the brain. Current human exome and genome data suggests an essential functional role for CXXC5 as the observed loss of function variation is lower than expected (pLI = 0.89, gnomAD). This may be due to its role in the CNS, which has been extensively studied in mouse models, where CXXC5 was characterized as BMP4-regulated modulator of Wnt signaling in neural stem cells and also an important myelination factor, controlling multiple genes involved in myelination in oligodendrocytes [29, 30] . Moreover, a recent study has shown that ALS-patient derived oligodendrocytes (from both induced pluripotent stem cells and induced neural progenitor cells) have recently been found to play an active role in motor neuron death [31] . Thus, further research may be warranted to better understand the putative role between CXXC5 and neurodegeneration in the context of ALS.
Supplementary Note -QC parameters for exclusion of samples and probes. 8. Calculate difference between median chromosome Y and chromosome X probe intensities ("XY diff"). Cutoff for sex differentiation was "XY diff" = -2. Exclude samples whose XY diff is higher than std = 5 (sex outliers); 
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